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Abstract: Persons with aphasia vary greatly with regard to clinical profile; yet, they all share one com-
mon feature—anomia—an impairment in naming common objects. Previous research has demonstrated
that particular naming errors are associated with specific left hemisphere lesions. However, we know
very little about the cortical activity in the preserved brain areas that is associated with aphasic speech
errors. Utilizing functional magnetic resonance imaging (fMRI), we show for the first time that specific
speech errors are associated with common cortical activity in different types and severities of aphasia.
Specifically, productions of phonemic errors recruited the left posterior perilesional occipital and tem-
poral lobe areas. A similar pattern of activity was associated with semantic errors, albeit in the right
hemisphere. This study does not discount variability in cortical activity following left hemisphere stroke;
rather, it highlights commonalities in brain modulation in a population of patients with a common diag-
nosis but vastly different clinical profiles. Hum Brain Mapp 30:2487–2498, 2009. VVC 2009 Wiley-Liss, Inc.
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INTRODUCTION

‘‘One group of symptoms is not a direct result of damage
to a part of the brain. It is the expression of the struggle of
the changed organism to cope with the defect, and to meet
the demands of a milieu with which it is no longer
equipped to deal.’’

—Goldstein, 1942, p 69.

Although substantial evidence suggests that aphasic def-
icits directly reflect the neuroanatomical damage to the

language system, it is important to consider that aphasic
errors may also reflect the system’s attempt to compensate
for its damaged components. Goldstein [1942] was among
the first to advocate that disordered language behaviors
were not merely a reflection of neurological damage, but
the ‘‘struggle of the organism with the defect.’’ This
‘‘struggle’’ is reflective of the fact that neurological damage
does not occur to a static system, but rather to a dynamic
one that is plastic, active, and capable of reorganization.
Thus, language processing in aphasia is not simply a
reflection of a damaged language system, but also is a
manifestation of neurocognitive compensation. Therefore,
the study of aphasia not only provides evidence to clarify
the brain-language relationship in normal persons but also
provides a window into understanding how the brain
attempts to restore a damaged cognitive system.
In most cases of aphasia, an individual’s language pro-

file will change over time following stroke, and chronic
deficits often differ greatly from the acute profile. Cer-
tainly, much of the initial change in the acute aphasic pro-
file results from neurophysiological factors, such as the
reduction of edema [Fazzini et al., 1986; Pizzamiglio et al.,
2001], resolution of diaschisis [Seitz et al., 1999], reperfu-
sion of ischemic tissue [Fridriksson et al., 2002; Hillis et al.,
2006b], and clearing of glutamate [Kwakkel et al., 2004].
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However, neural reorganization also plays an important
role in the recovery of language functions, especially in the
later phases of stroke. Treatment-induced language
improvement and recovery in the subacute and chronic
stages theoretically relies on the premise of reorganization
of the structure/function relationships and the establish-
ment of new pathways [Hillis and Heidler, 2002]. Because
a portion of the language network has been destroyed, the
remaining language areas and other nonlinguistic areas
must function in the absence of the damaged area. Cortical
reorganization in language recovery allows cortical com-
pensation for some of the functions lost and may include
recruitment of areas that were not previously involved in
language or redistribution of functions within the remain-
ing language areas.
A handful of studies have failed to reveal a relationship

between cortical activity and language recovery in aphasia,
although others have found either positive or negative cor-
relations in specific cortical areas of interest [Cardebat
et al., 2003; de Boissezon et al., 2005; Heiss et al., 1999].
Several possible explanations may account for the discrep-
ancies in these findings. First, it is possible that findings
may be influenced greatly by the time post-stroke at which
the study occurs. In a longitudinal study of persons with
aphasia, Saur et al. [2006] found a dynamic pattern of reor-
ganization that occurred in three stages as patients moved
from the acute to chronic phase. In the acute phase, corti-
cal activation in the left hemisphere language areas was
greatly reduced. In the subacute phase, a regression analy-
sis revealed that improved language function was associ-
ated with increased activity in the right hemisphere homo-
logues of Broca’s area and the supplementary motor area.
However, in the chronic phase, further language improve-
ments were associated with an increase or ‘‘reshift’’ of cort-
ical activity to perilesional left hemisphere areas. There-
fore, the increased right hemisphere activity associated
with language improvement shortly after stroke did not
persist into the chronic phase. In fact, there is some evi-
dence to suggest that right hemisphere recruitment of Bro-
ca’s homologue may reflect transcollosal disinhibition that
may not reflect recovery [Abo et al., 2004; Xu et al., 2004]
and possibly may be maladaptive for long-term recovery
[Blank et al., 2003; Fernandez et al., 2004; Naeser et al.,
2004; Price and Crinion, 2005; Rosen et al., 2000]. However,
this notion was challenged by Raboyeau et al. [2008], who
found increased activity in the right posterior inferior fron-
tal lobe and the right insula associated with successful lan-
guage treatment outcome in a group of 10 persons with
aphasia. That is, greater activity in the frontal right hemi-
sphere was predictive of treatment success, suggesting that
the right homologue of Broca’s area is important for apha-
sia recovery.
Lesion analyses following stroke have proven helpful in

understanding general brain-language relationships. How-
ever, they yield little insight into productive or counterpro-
ductive neural compensations that occur in chronic apha-
sia. Lesion analyses can reveal what is damaged, but not

what is occurring in the intact regions that remain and
dynamically adapt to the damage within the system. Thus,
to understand how the brain is actively attempting to com-
pensate for affected language areas, it is crucial to look at
the functional changes in cortical activation in the presence
of a damaged system.
The purpose of this study was to investigate common

brain activity associated with correct picture naming as
well as naming errors in a group of aphasic patients. Just
as correct naming tends to recruit relatively consistent
brain areas across normal participants, there may also be
commonalities in neural recruitment associated with nam-
ing errors in aphasia. Although aphasic patients vary con-
siderably based on various factors, such as lesion location
and extent, it is possible that their errors are rooted in the
same functional anatomy. Therefore, this research sought
to answer whether patients with different types and
severities of aphasia recruit similar cortical areas when
they produce semantic or phonemic paraphasias. For com-
parison, brain activation associated with correct naming in
aphasia was contrasted with data from 10 normal control
participants. In addition, the relationship between right
hemisphere activity and naming ability was explored.
Namely, the intensity of neural activity in distinct cortical
areas recruited for correct naming was measured and cor-
related with the number of correct naming attempts by
each participant.

MATERIALS AND METHODS

Participants

Eleven persons (six males) with chronic stroke-induced
aphasia were included in this study (Table I). The mean
age was 58.8 years (SD 5 14.7) with a range of 45 years.
All participants were at least 10 months postonset, and all
but one (P4) were retired at the time of the study. To
explore commonalities in brain activation associated with
naming in aphasia, persons with a wide range of aphasia
severity were tested. Aphasia assessment employing the
Western Aphasia Battery [WAB; Kertesz, 1982] revealed a
spectrum of language impairment—five participants pre-
sented with nonfluent aphasia and six presented with flu-
ent aphasia. Fluency ratings on the WAB (maximum score
possible is 10) ranged from 2 by P1 and P3 (single words,
often paraphasias, effortful, and hesitant) to 9 by P11
(mostly complete sentences with some word finding diffi-
culty). Similarly, the composite auditory comprehension
score on the WAB (maximum score possible is 10) showed
a wide range. The lowest auditory comprehension score
(5.85) was received by P2. In contrast, the highest auditory
comprehension score (9.95) was received by P11, who
demonstrated very mild aphasia characterized by only
intermittent word finding difficulty. In addition to the
WAB, all participants were administered the Boston Nam-
ing Test to further characterize their anomia [BNT; Kaplan
et al., 1983]. Although all participants had incurred a
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stroke in the left middle cerebral artery circulation, the
size and site of damage varied among the participants.
Lesion size varied from a minimum of 3.04 cc (P11) to a
maximum of 342.2 cc (P2) (Table I). The greatest overlap
among lesion locations included the posterior portion of
Brodmann’s areas (BA) 22 and 42, where six of the 11 par-
ticipants had damage (see Fig. 1).
To examine whether brain activity associated with cor-

rect naming by persons with aphasia is comparable to
what is seen in normal participants, functional magnetic
resonance imaging (fMRI) data from 10 normal individuals
(six females) included in an earlier study [Fridriksson
et al., 2007] were used. The mean age range for these par-
ticipants was 58.3 years with a range of 42 years. These
participants were scanned using the same fMRI paradigm
that was used in this study.

Behavioral Measures

The behavioral task consisted of naming pictures of
high-frequency common nouns [Frances and Kucera,
1982]. During the 20-min fMRI run, 80 colored pictures
were presented for 2 s each on a back-projected mirror
located on top of the head coil. To establish a comparative
fMRI baseline, 40 abstract color pictures were presented at
random among the 80 real object pictures. Participants
were instructed to name every picture aloud and to say
nothing when the abstract pictures were presented. We
have successfully used this paradigm in several previous
fMRI studies [Fridriksson et al., 2006a,b, 2007]. A nonfer-
rous microphone placed 1–3 cm from participants’ mouth
was used to record naming attempts, which were
recorded with sufficient clarity for scoring and later
scored off-line using the scoring criteria of the Philadel-
phia Naming Test [PNT; Roach et al., 1996]. Naming
responses were categorized as follows: (1) correct naming,

(2) phonemic paraphasia, (3) semantic paraphasia, (4)
mixed paraphasia, (5) unrelated response, (6) neologism,
and (7) nonresponse.

Image Acquisition

For the purpose of lesion analyses and the anatomical
reference for statistical activation maps, all participants
underwent high-resolution T1-MRI using a TFE sequence,
yielding a 1-mm isotropic image—FOV 5 256 mm 3 256
mm, 160 sagittal slices, 158 flip angle, TR 5 9.5 ms, TE 5

5.7 ms. The sparse fMRI data collection utilized the follow-
ing parameters: TR 5 10.0 s; TA 5 2.0 s; TE 5 30 ms, in-
plane resolution 3.25 mm 3 3.25 mm. A total of 32 axial
slices (3.25 mm thick) covering the supratentorial brain
were collected 120 times each. Oblique axial planes parallel
to the AC (anterior commissure)–PC (posterior commis-
sure) line were utilized for image orientation. The mis-
match between TR and TA allowed for an 8 s period of
scanner silence following the collection of each whole
brain volume. This time was utilized for picture presenta-
tion and audio recording of naming attempts. To improve
modeling of the hemodynamic response, the time
between picture presentations was randomized with a
mean interstimulus interval (ISI) of 6 s and a range of 3–9 s.
No pictures were presented during the last 2 s before
each TA.

Statistical Analyses

Brain lesions were demarcated on T1-MRI using MRIcro
[Rorden and Brett, 2000] and collapsed to make the lesion
overlay map seen in Figure 1. The fMRI analysis utilized
the FMRIB Software Library [FSL; Smith et al., 2004]. The
first-level analysis was carried out using FMRI Expert
Analysis Tool (FEAT) Version 5.4, part of FSL. The following

Figure 1.

Lesion overlay map showing the distribution of brain damage for the study sample overlaid on a

standard brain template. The color scale shows the degree of overlap among brain lesions in dif-

ferent participants. Note that the range of the scale (1–7) depicts the greatest overlap in brain

lesions (7) for the group of 11 participants. The sagittal image on the right illustrates the loca-

tion of the axial slices on the left.
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prestatistics processing was applied: motion correction
[Jenkinson et al., 2002]; nonbrain removal [Smith, 2002];
spatial smoothing using a Gaussian kernel of FWHM
8 mm; mean-based intensity normalization of all volumes
by the same factor; and highpass temporal filtering (Gaus-
sian-weighted LSF straight line fitting, with sigma 5 60.0 s).
The time-series statistical analysis employed general linear
modeling (GLM) [Woolrich et al., 2001] and a Gamma
function. A timing vector was created for correct naming
and baseline (viewing abstract pictures) as well as specific
naming errors for each participant. Thus, brain activity
associated with correct naming and a specific error type
over baseline was analyzed separately in the first-level
analysis. Z (Gaussianised T/F) statistic images were
thresholded using the default values in FSL, where a clus-
ter was determined by Z > 2.3 and a (corrected) cluster
significance threshold of P 5 0.05 [Worsley et al., 1992].
Data for each person were analyzed and registered to their
native space and later coregistered in Montreal Neurologi-
cal Institute (MNI) space using FMRIB’s Linear Image
Registration Tool [FLIRT; Jenkinson and Smith, 2001; Jen-
kinson et al., 2002]. To improve coregistration of damaged
brains, individual binary lesion masks were applied to the
high-resolution reference images as well as the EPI input
data.
To examine similarities in brain activation associated

with naming in individuals with aphasia, a higher-level
group analysis was carried out using a two-stage local
analysis of mixed effects [Beckmann et al., 2003]. As can
be seen in Figure 1, lesion size and location varied signifi-
cantly from one aphasic participant to another. Because
the focus of this study was on similarities in brain activa-
tion, rather than differences, the lesion map seen in Figure
1 was used in the higher-level analysis as an exclusionary
mask to investigate mean activity among all participants.
That is, only voxels representing areas that were preserved
in all individuals were included in the higher-level analy-
ses. Otherwise, it would have been possible to find mean
brain activation in an area that was damaged in one or
more participants—a result which only would have per-
tained to a subset of the study sample. Similar to the first-
level analysis, the Z (Gaussianised T/F) statistic images
were generated using a cluster threshold of Z > 2.3 and a
(corrected) cluster significance threshold of P 5 0.05
[Worsley et al., 1992]. Mean statistical maps generated
from the participants’ data were rendered in MNI space
using cost functions.
Brain activity during correct naming was estimated by

combining the first-level statistical maps associated with
correct naming greater than baseline for each participant.
To assess activity related to the production of paraphasias,
higher-level contrasts (t-tests) were created by comparing
statistical maps associated with correct naming to those
associated with phonemic and semantic paraphasias. For
example, to compare activity associated with correct nam-
ing and phonemic paraphasias, the following contrasts
were created: ‘‘correct naming > baseline’’ greater than

‘‘phonemic paraphasias > baseline’’ and vice versa. Similar
contrasts were used to compare cortical activity associated
with correct naming and semantic paraphasias.
As expected, the participants with aphasia varied greatly

with regard to the number of correctly named items and
error types. As the present study focused on similarities in
brain activity, it was important to factor out the variance
associated with naming few/many pictures as well as the
number of different kinds of errors by each participant.
Without controlling for this variance, some participants
would have contributed more greatly to the higher-level
analyses than others. Accordingly, nuisance variables (fac-
tors of no interest) representing the number of a given
response (correct naming, phonemic paraphasia, or seman-
tic paraphasias) by each participant were included in the
higher-level analyses. An example of how a nuisance vari-
able is utilized in FSL can be found at [http://www.fmrib.
ox.ac.uk/fsl/feat5/detail.html#SingleGroupAveragewith
AdditionalCovariate].
A ‘‘between-group’’ t-test was performed to compare

brain activation associated with correct naming (over base-
line) in the participants with aphasia and their normal
counterparts. As in the previous higher-level analyses, the
overall lesion map was used to exclude voxels that repre-
sented areas that were damaged in one or more partici-
pants.
To study the contribution of different brain areas to cor-

rect naming performance by the aphasic participants, each
voxel cluster associated with correct naming in the higher-
level statistical map was utilized as a volume of interest
(VOI). Percent signal change associated with correct nam-
ing in each cluster was calculated on case-by-case basis
(i.e., for each aphasic participant) and correlated
(Spearman) with the number of correct naming attempts
during the fMRI task. The rationale behind examining in-
tensity of brain activation as a predictor of correct naming
performance was as following: Although a mean statisti-
cal map can represent cortical activity associated with
executing a given task or a response type, it does not
reveal whether increased or decreased activation in an
‘‘activated’’ area is related to successful completion of the
task at hand. With regard to this study, the VOI analysis
was performed to examine whether cortical areas acti-
vated during correct naming contributed differentially
(i.e., showed increased/decreased activation) to task suc-
cess. The following list includes the general anatomical
location and size of the five right hemisphere clusters
that comprised the statistical map associated with correct
naming: (1) the posterior inferior frontal lobe and anterior
insula—portions of BA 44, BA 45, and BA 47—size 5

3.41 cc; (2) the motor and premotor cortex—portions of
the lateral inferior BA 4 and BA 6—size 5 5.01 cc; (3)
the supplementary motor area—the superior and medial
BA 6—size 5 2.50 cc; (4) the parietal lobe—primarily
portions of BA 40 but also part of BA 2—size 5 3.82 cc;
(5) the temporal lobe—portions of BA 21, BA 22, and BA
38—size 5 16.39 cc.
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RESULTS

Task Performance

As expected, performance on the naming task varied
greatly among the participants (Table II). Correct naming
ranged from 1/80 to 66/80, and most participants made
errors categorized as phonemic or semantic paraphasias.
The distribution of errors across the other categories var-
ied, but very few mixed paraphasias and unrelated
responses were recorded. The number of correct naming
attempts was significantly higher (Mann–Whitney U; P 5

0.004) for the fluent participants (P6–P11) compared with
the nonfluent participants (P1–P5). No differences were
detected between the two groups for the number of spe-
cific paraphasia types (phonemic errors, P 5 0.329; seman-
tic errors, P 5 0.790). These results suggest that the partici-
pants with fluent aphasia named more pictures correctly,
but both groups produced a similar percentage of phone-
mic and semantic errors irrespective of their ability to cor-
rectly name pictures.

Brain Activity

The fMRI analysis revealed widespread cortical activa-
tion in the right hemisphere associated with correct nam-
ing compared to the baseline condition (viewing abstract
pictures) across the participants with aphasia. Brain activ-
ity associated with correct naming compared to baseline
was revealed in the right hemisphere homologues of the
classical language areas (Wernicke’s and Broca’s areas) in
addition to the right motor cortex, the superior-medial
frontal lobe, and the parietal lobe (Fig. 2; Table III). Local
maxima (voxels with the highest values in a given cluster
of activity) were recorded in the right homologue of Bro-
ca’s area (BA 45), precentral gyrus (BA 4 and BA 6), sup-
plementary motor area (BA 6), and supramarginal gyrus
(BA 40) as well as the middle and superior temporal lobe
(BA 21 and BA 22) and temporal pole (BA 48). A between-
groups t-test failed to show a statistically significant differ-
ence in cortical activation associated with correct naming
in the aphasic group compared with 10 normal control
participants.

Compared to neural recruitment associated with correct
naming, greater cortical activity was noted in distinct corti-
cal areas during the production of phonemic and semantic
paraphasias (Fig. 2; Table III). It is important to emphasize
that the difference in brain activity among the conditions
was examined by contrasting ‘‘correct naming > baseline’’
with ‘‘phonemic paraphasias > baseline’’ and ‘‘semantic
paraphasias > baseline.’’ The production of phonemic par-
aphasias recruited the left occipital, parietal, and posterior
inferior temporal lobe. Local maxima were revealed in the
cuneus and precuneus (BA 19), along with the posterior
and superior parietal lobe (BA 7) and the inferior temporal
gyrus (BA 37) (Fig. 2; Table III). A similar pattern of activ-
ity was found for the contrast ‘‘semantic paraphasias
(>baseline) > correct naming (>baseline),’’ albeit in the
right hemisphere. Local maxima were found in the middle
occipital gyrus and cuneus (BA 18 and BA 19), as well as
the posterior inferior temporal gyrus (BA 37). Greater ac-
tivity associated with correct naming over semantic or
phonemic paraphasias was not revealed.

Volumes of Interest

There was a clear relationship between the number of
correctly named pictures on the fMRI task and percent
BOLD signal change in the right posterior inferior frontal
lobe (portions of BA 44, BA 45, and BA 47) (see Fig. 3).
More specifically, greater naming success was associated
with higher percent signal change in this area. This was
not the case for the other VOIs. However, an inspection of
the data suggested that P3 was a clear outlier (greater than
two standard deviations from the regression line) in the
temporal lobe and the supplementary motor area. The
data from P3 were subsequently removed from the dataset,
and the Spearman correlation coefficients were recalcu-
lated. This second analysis suggested that, along with the
posterior inferior frontal lobe, less severe aphasia was
associated with increased signal change in the motor/pre-
motor cortex and the right temporal lobe (see Fig. 3). One
interpretation of these findings would suggest that
increased activity was simply related to the size of the left
hemisphere lesions. To examine this issue, partial correla-
tion coefficients were calculated among the percent signal
change in the VOIs and the number of correctly named
pictures on the fMRI task while factoring out lesion size in
each participant. Once the variance associated with this
factor was removed, the relationship between percent sig-
nal change and correct naming only reached statistical sig-
nificance in the posterior inferior frontal lobe (r(10) 5

0.810, P 5 0.004). The outcome did not change when data
from P3 were excluded from the analysis.

DISCUSSION

To better understand brain activity associated with nam-
ing errors in aphasia, this study included 11 participants
with aphasia who underwent fMRI scanning while naming

TABLE II. Number of correct naming attempts

and errors by each participant

1 2 3 4 5 6 7 8 9 10 11

Correct 1 30 2 23 21 51 43 66 46 42 55
Semantic 2 19 6 5 4 7 11 6 4 7 8
Phonemic 12 5 1 10 38 18 8 6 23 12 6
Mixed 7 4 0 4 6 0 0 0 4 1 0
Unrelated 1 7 35 1 3 0 2 1 0 1 3
Neologism 29 2 15 0 5 0 2 0 1 4 0
Nonresponse 28 13 21 37 3 4 14 1 2 13 8
Total 80 80 80 80 80 80 80 80 80 80 80
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Figure 2.

Brain activity associated with ‘‘correct naming > errors’’ (red-color scale) as well as for the con-

trasts ‘‘phonemic errors > correct naming’’ (blue-color scale) and ‘‘semantic errors > correct

naming’’ (green-color scale). The gradient of the color scale represents Z-scores compared with

baseline. The lesion overlay map is shown in grayscale.
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common objects. The specific purpose of this investigation
was to highlight similarities in cortical activation associ-
ated with correct naming and productions of two types of
errors on the naming task by individuals with different
types and severity of aphasia. It is important to note that
the voxel-based analysis in this study did not address dif-
ferences in task-related cortical activation. Rather, it
focused on determining what common areas of the brain
are modulated during correct or erroneous naming. By the
same token, this study did not seek to highlight differences
in cortical activity associated with object naming in

TABLE III. Standard coordinates for local maxima

Za x y z Hemisphere Location BAb

Correct naming
4.07 58 0 40 Right Precentral gyrus 6
3.72 57 1 32 Right Precentral gyrus 4
3.68 6 8 68 Right Superior frontal gyrus 6
3.57 64 6 23 Right Temporal pole 38
3.28 57 231 0 Right Middle temporal gyrus 21
3.17 53 237 45 Right Supramarginal gyrus 40
3.13 49 33 9 Right Pars triangularis 45
2.83 70 221 6 Right Superior temporal gyrus 22
Phonemic errors > correct naming
3.31 220 286 42 Left Precuneus 19
3.20 224 290 38 Left Cuneus 19
2.98 231 264 42 Left Inferior parietal lobe 7
2.97 222 282 46 Left Superior occipital lobe 7
2.81 226 273 45 Left Superior parietal lobe 7
2.75 244 261 24 Left Inferior temporal gyrus 37
Semantic errors > correct naming
4.29 20 298 6 Right Middle occipital gyrus 18
4.24 18 296 10 Right Cuneus 18
4.21 40 280 4 Right Middle occipital gyrus 19
4.14 32 286 6 Right Middle occipital gyrus 18
4.10 58 262 26 Right Inferior temporal gyrus 37

Standard coordinates for local maxima where cortical activity was
associated with ‘‘correct naming > baseline’’ (top), as well as for
the contrasts ‘‘phonemic errors > correct naming’’ (middle) and
‘‘semantic errors > correct naming’’ (bottom). Note that in the
first-level analysis, errors and correct naming were compared with
baseline (viewing of abstract pictures).
aHighest Z-value for a voxel within a given cluster of activation.
b BA 5 Brodmann’s area.

Figure 3.

Scatter plots for the relationship between cortical activity in

selective VOIs (Y-axis; measured as the percent signal change in

VOI) and naming performance (X-axis; measured as the number

of correctly named pictures on the fMRI task). The VOIs were

extracted from the mean statistical map associated with correct

naming (>baseline) in 11 participants and are displayed to the right

of each scatter plot (rendered on a standard brain). Spearman cor-

relation coefficients (one-tailed) for each relationship are shown

below each VOI based on data from 10 participants (excluding a

single outlier, P3). The same relationship is also shown in parenthe-

ses when data from all 11 participants were included.
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persons with aphasia—a task that is inherently difficult for
most aphasic patients. In addition, the relationship
between naming performance and neural activity in the
right hemisphere was explored.
A higher-level fMRI analysis was used to generate a sin-

gle activation map that showed distinct areas of activity
for correct naming in addition to phonemic and semantic
paraphasias. When correct naming was compared with
baseline (viewing abstract pictures), increased cortical acti-
vation was primarily observed in the right hemisphere
homologues of the classical language areas as well as in
the right supplementary motor area and parietal lobe. Dif-
ferences in cortical activation associated with correct nam-
ing were not revealed between the aphasic and normal
participants (note that the between-groups t-test only
included voxels representing areas that were preserved in
all of the aphasic participants). Based on this data, this
finding suggests that the intensity and loci of activation
associated with correct naming in aphasia is similar to that
found in normal participants. Right hemisphere activity
associated with correct naming is commonly reported in
studies of picture naming in normal participants [Christof-
fels et al., 2007; Fridriksson et al., 2006a,b; Mechelli et al.,
2007]. Nevertheless, the common right hemisphere activity
does not discount the role of the intact left hemisphere in
correct naming. The group analysis does not reflect indi-
vidual differences in brain activation among our partici-
pants. Yet, it underscores the purpose of this study, which
was to examine similarities, rather than differences, in
brain activity associated with language processing in
patients with aphasia. As we discuss later, our data, as
well as others’, suggest that the right hemisphere not only
plays an important role in successful language processing
in persons with aphasia, but it also plays a crucial role in
aphasia recovery.
Compared with correct naming, distinct areas of neural

activity were associated with the production of phonemic
and semantic paraphasias across persons with different
aphasia types and levels of severity. The production of
phonemic paraphasias recruited the left cuneus and precu-
neus (BA 7 and BA 19) along with the posterior inferior
temporal lobe (BA 37). Each of these would be considered
perilesional areas in persons with inferior parietal lobe
damage. The left inferior parietal lobe has traditionally
been associated with phonological processing [Baddeley,
2003]. Moreover, there is evidence to suggest that conduc-
tion aphasia—characterized by impaired repetition and fre-
quent phonemic paraphasias—is associated with gray mat-
ter damage to the inferior parietal lobe [Bartha and Benke,
2003; Geldmacher et al., 2007; Hickok et al., 2000; Mazzoc-
chi and Vignolo, 1979; Quigg et al., 2006]. Therefore, it is
possible that the increased activity in the perilesional areas
of the damaged parietal lobe reflects impaired phonologi-
cal processing.
Although precuneus activity has been linked to phono-

logical processing by normal participants [Voets et al.,
2006], improved auditory comprehension in patients with

aphasia [Musso et al., 1999], and improved naming in two
patients with nonfluent aphasia [Fridriksson et al., 2007],
these results link increased activity in the left precuneus
with the production of phonemic paraphasias. In light of
this seemingly paradoxical evidence, it is important to con-
sider the nature of phonemic paraphasias. Although they
certainly are not correct responses, phonemic paraphasias
are, nevertheless, close approximation of the target, partic-
ularly when compared with neologisms. Nickels and
Howard [1995] suggested that phonemic paraphasias rep-
resent breakdowns in phonological processing along a con-
tinuum where neologisms would be considered the most
severe example of impaired phonological processing, and
single phoneme substitutions would represent the mildest
form. For most participants in this study, the precuneus
and cuneus would be considered perilesional areas.
Although increased activation in the precuneus may pro-
vide support for language processing in some cases, it
may be insufficient in other cases, resulting in phonemic
paraphasias. The lack of connection to other areas associ-
ated with phonological processing, as well as the integrity
of these cortical areas, is likely a factor in determining the
success of increased precuneus involvement.
In a series of studies, Hillis et al. [2002a,b, 2005, 2006b]

have provided strong evidence suggesting that the critical
lesion location that causes impaired lexical retrieval in
stroke is in the left BA 37. That is, those patients with left
BA 37 involvement were more likely to have difficulty
retrieving the target word on naming tasks compared with
those whose left BA 37 was spared. BA 37 is a large corti-
cal area that includes part of the posterior/lateral and ven-
tral inferior temporal gyrus as well as the fusiform gyrus.
In this study, the spared portion of the left BA 37 showed
greater activity during the production of phonemic para-
phasias compared with correct naming. We suggest that
this pattern of activity represents an impaired lexical-pho-
nological network resulting in incorrect pairing of pho-
nemes with correct lexical retrieval. Given that phonemic
paraphasias are seen in most aphasia types, it is not sur-
prising that common areas were recruited among our
study sample. Nevertheless, this finding certainly does not
preclude individual differences in brain modulation associ-
ated with phonemic paraphasias, but rather, highlights the
fact that similar phonological errors during speech produc-
tion recruit some of the same brain areas in patients with
different types and severities of aphasia.
Somewhat similar to the left hemisphere activation pat-

tern associated with phonemic errors, the productions of
semantic paraphasias recruited the right middle occipital
gyrus, the cuneus, and BA 37. Semantic paraphasias can
occur from disruptions in selecting the defining features or
in associating those specific features with a lexical repre-
sentation [DeLeon et al., 2007]. Because semantic parapha-
sias are conceptually related to the target, access to at least
partial semantic information is assumed. However, incom-
plete or underspecified semantic distinction or impaired lex-
ical access can result in incorrect selection of a semantically

r Cortical Mapping of Naming Errors in Aphasia r

r 2495 r



related lexical representation. Hickok and Poeppel [2007]
suggest that lexical retrieval relies on the bilateral posterior
inferior temporal lobes with important computational dif-
ferences among the two hemispheres. Similarly, the cere-
bral hemispheres contribute to semantic processing in dif-
ferent ways where the right hemisphere is thought to have
broad overlapping semantic maps; in contrast, the seman-
tic fields in the left hemisphere have more definite anatom-
ical boundaries [Jung-Beeman, 2005]. Thus, the increased
activity in the right hemisphere associated with the pro-
duction of semantic paraphasias may reflect reliance on
lexical-semantic related processing in the presence of inad-
equate semantic specification.
Although the nature of right hemisphere semantic proc-

essing has been debated, it is clear that semantic-related
tasks recruit the right hemisphere in normal participants
and that patients with right posterior inferior temporal
lobe damage make distinct semantic errors [Vandenbulcke
et al., 2006]. The greatest lesion overlap among the partici-
pants in this study was in the left posterior superior tem-
poral lobe. Hillis et al. [2006a] found that damage to this
area is a strong predictor of semantic errors in acute stroke
patients. Although lesion-symptom mapping highlights the
location of brain damage related to a specific impairment,
this study provides complimentary evidence suggesting
that semantic paraphasias reflect increased right hemi-
sphere activity compared with correct naming. Suggesting
that semantic errors arise from right hemisphere activity is
certainly not new, Coltheart [1980, 2000] hypothesized that
deep dyslexia—an acquired reading disorder where
patients make frequent semantic errors during reading—
reflects right hemisphere processing rather than reliance
on the damaged left hemisphere. It is important to point
out, however, that this study did not include a detailed ex-
amination of the underlying semantic impairment in each
patient. That is, it is quite possible that the semantic errors
generated by different participants reflected different levels
of semantic impairment, in which some participants may
have produced semantic errors in all modalities, whereas
others might have made semantic errors only in overt
speech. If more detailed behavioral testing would be com-
pleted, this would have allowed us to group participants
in the higher-level fMRI analysis based on their underlying
semantic impairment. However, given that only 11 total
participants were included in this study, statistical power
would have decreased significantly by dividing the study
sample into smaller groups.
In the VOI analysis, the right hemisphere VOI that

included portions of the anterior insula and the homo-
logue of Broca’s area showed increased activation related
to the number of correctly named items by each partici-
pant. Specifically, those who could name more items on
the naming task also had greater percent BOLD signal
change in this area—even when lesion size was factored
out. Such a finding suggests that regardless of the extent
of brain damage, intensity of brain activity (as measured
by fMRI) in the right homologue of Broca’s area and the

anterior insula is strongly related to naming task success.
In contrast to some previous findings [Blank et al., 2003;
Naeser et al., 2004], the nonfluent patients in this study
did not show abnormally high brain activity in the right
frontal lobe compared with the fluent patients. In fact, the
nonfluent (and more severe) patients consistently had
lower percent signal change associated with correct nam-
ing in the right homologue of Broca’s area compared with
their fluent counterparts. It is important to note, however,
that the analyses in the aforementioned studies included
data associated with all naming attempts rather than only
successful naming.
Recently, a study by Raboyeau et al. [2008] found that

right hemisphere activity is important for overt picture
naming in aphasia. Including 10 stroke patients with left
inferior frontal lobe and/or anterior insular damage and
10 normal control participants, this study revealed that
increased regional cerebral blood flow in the right inferior
frontal gyrus (BA 45/46/47) and the right insula correlates
with improved naming performance following language-
based treatment in the participants with aphasia. More-
over, a similar anatomical pattern of increased blood flow
associated with learning new words was found in the nor-
mal control participants. On the basis of these results,
Raboyeau et al. [2008] concluded that increased activity in
the right frontal lobe in aphasia is not merely the conse-
quence of damaged homologues in the left hemisphere
but, rather, is a reflection of increased reliance on the right
hemisphere to support aphasia recovery. Evidence regard-
ing the importance of the right inferior frontal lobe in
aphasia recovery also comes from research utilizing trans-
cranial magnetic stimulation (TMS). Winhuisen et al.
[2007] found that TMS over the right posterior inferior
frontal lobe impairs language processing in some subacute
stroke patients with aphasia. However, most of their
patients seemed to be relying more on perilesional brain
areas for language processing because TMS did not affect
language task performance in all cases.
When data from P3 were excluded from the analysis, a

statistically significant correlation was found between the
number of correctly named items and percent signal
change in the right motor/premotor cortex and the tempo-
ral lobe. When lesion size was factored out, these relation-
ships did not reach significance, suggesting that the right
inferior frontal activity was a far more robust predictor of
naming task success in our sample. Nevertheless, these
results are consistent with a number of studies that have
found increased right temporal lobe activity associated
with better auditory comprehension in persons with apha-
sia [Ansaldo et al., 2002; Crinion and Price 2005; Musso
et al., 1999; Sharp et al., 2004].

CONCLUSIONS

Our findings suggest common cortical activation associ-
ated with correct naming as well as during the production
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of phonemic and semantic paraphasias in participants
with fluent and nonfluent aphasia. The common right
hemisphere network recruited for correct naming in our
participants with aphasia is very similar to what has been
reported for normal participants. This finding emphasizes
the importance of the residual cortical language network
in successful language processing in aphasia. However, it
does not discount the role of the left hemisphere in recov-
ery because greater variation in task-modulated activation
is most likely seen in the left hemisphere, reflecting differ-
ent locations and extent of damage. We further emphasize
that these findings compliment lesion-symptom mapping
studies that have revealed the association between local-
ized left hemisphere damage and specific speech errors in
aphasia. That is, although a given lesion can lead to the
productions of particular speech errors, these errors are
associated with the recruitment of some of the same corti-
cal areas in patients with different types and severity of
aphasia. We are currently collecting more data to address
further questions between aphasia severity, naming errors,
and brain activation in stroke.
We are not aware of any other studies that have demon-

strated common cortical activation across aphasia type and
severity associated with particular naming errors. Along
the lines of Goldstein’s postulations [1942], it is possible
that these patterns of brain activity may not represent mal-
adaptation to brain damage; instead, they may reflect the
‘‘struggle’’ of the ‘‘organism’’ to cope with a damaged lan-
guage network.
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